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INTRODUCTION 

B a t t e l l e ' s  Columbus L a b o r a t o r i e s  is  developing  new approaches t o  g a s i f i c a t i o n  of 
c o a l ,  wi th  ERDA sponsorsh ip ,  u s ing  known g a s i f i c a t i o n  c a t a l y s t s  t h a t  a r e  chemica l ly  
incorpora ted  i n t o  t h e  c o a l .  The chemica l  i nco rpora t ion  of  a c a t a l y s t  i s  achieved  by 
t r e a t i n g  t h e  c o a l  w i th  t h e  c a t a l y s t  and water  a t  e l e v a t e d  tempera tures  and p res su res ,  
u s u a l l y  i n  t h e  presence  of an  aqueous a l k a l i  s o l u t i o n .  The p rocess  is a mod i f i ca t ion  
of t h e  p ropr i e t a ry  Hydrothermal Coal P rocess  f o r  reducing  t h e  s u l f u r  con ten t  of 
c o a l  (1). 

E a r l i e r  work on chemical i n c o r p o r a t i o n  of g a s i f i c a t i o n  c a t a l y s t s  was done wi th  
in-house funds us ing  the  "so-ca l led"  power-plant g r ind  o r  70 pe rcen t  minus 200 mesh 
coa l  s i n c e  t h e  process  w a s  o r i g i n a l l y  in t ended  f o r  producing a low-sulfur f u e l  s u i t -  
a b l e  f o r  pu lver ized  f i r i n g  i n  b o i l e r s .  I n  e a r l i e r  work, c o a l  was t r e a t e d  wi th  C a O  
( t h e  c a t a l y s t )  i n  t h e  presence  of a s o l u t i o n  of NaOH. The r e s u l t s  showed t h a t  t h e  
B a t t e l l e  process  completely e l imina ted  t h e  agglomera t ion  (caking) tendency o f  h ighly-  
caking ,  P i t t sbu rgh  seam c o a l  and g r e a t l y  inc reased  t h e  h y d r o g a s i f i c a t i o n  and steam 
g a s i f i c a t i o n  r e a c t i v i t i e s  ( 2 ) .  It was a l so  found t h a t  t h e  B a t t e l l e - t r e a t e d  c o a l ,  
abbrevia ted  as BTC, was much more r e a c t i v e  than  c o a l  impregnated wi th  CaO by s l u r r y -  
i ng  wi th  CaO and wa te r  a t  room t empera tu re  fo l lowed by d r y i n g  a s  is  conven t iona l ly  
done. 

Severa l  c a t a l y s t  systems have been s t u d i e d  s o  f a r .  T h i s  paper  is concerned 
wi th  f u r t h e r  development of t h e  c a t a l y s t  t rea tment  system c o n s i s t i n g  of C a O ,  which 
i s  a (hydro )gas i f i ca t ion*  c a t a l y s t  €o r  c o a l ,  and NaOH which f a c i l i t a t e s  chemical 
i nco rpora t ion  of calcium s p e c i e s  i n  c o a l .  S p e c i f i c a l l y ,  t h e  paper d e a l s  w i th  (a )  
t h e  e f f e c t  of p a r t i c l e  s i z e  of raw c o a l  and c a t a l y s t  t r ea tmen t  t i m e  on hydrogas i f i -  
c a t i o n  p r o p e r t i e s  of BTC, (b) de t e rmina t ion  of  product  d i s t r i b u t i o n  f o r  (hydro)gas i -  
f i c a t i o n  of BTC, (c) c o r r e l a t i o n  between the  p r o p e r t i e s  o f  batch-produced BTC and 
continuously-produced BTC, and (d) advantages  of us ing  BTC ove r  p reox id ized  c o a l .  

PROCESS DESCRIPTION 

I n  the  c a s e  of t h e  c a t a l y s t  t r e a t m e n t  system c o n s i s t i n g  of CaO and N a O H ,  t h e  
BTC f o r  (hydro )gas i f i ca t ion  i s  prepared  by f o u r  major p rocess ing  s t e p s .  F i r s t ,  t h e  
coa l  of des i r ed  p a r t i c l e  s i z e  i s  s l u r r i e d  wi th  a mixture  of  CaO, N a O H ,  and water .  
Second, t he  coa l - ca t a lys t  s l u r r y  i s  hea ted  t o  an e l eva ted  tempera ture  where i t  i s  
he ld  s u f f i c i e n t l y  long  t o  a l low chemica l  i nco rpora t ion  of  calcium. Th i rd ,  t h e  
ca ta lys t - impregnated  c o a l  is sepa ra t ed  and washed to  remove excess  water  and sodium 
s p e c i e s  which can be r egene ra t ed  and r eused .  Four th ,  and f i n a l l y ,  t he  BTC i s  d r i e d  
t o  t h e  d e s i r e d  mois ture  l e v e l .  

During t h e  c a t a l y s t  t r ea tmen t ,  up t o  3 percen t  calcium chemica l ly  b inds  t o  t h e  
c o a l  whi le  a c o n t r o l l e d  q u a n t i t y  of  CaO i B  p h y s i c a l l y  inco rpora t ed  throughout t h e  

*The term ( h y d r 0 ) g a s i f i c a t i o n  r e f e r s  i n  t h i s  paper  t o  both  h y d r o g a s i f i c a t i o n  and 
s team g a s i f i c a t i o n  of coa l .  
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coal particles. 
ments wherein the BTC was treated with a sugar solution to dissolve the physically- 
incorporated calcium. 

The evidence for chemical incorporation of calcium comes from experi- 

The NaOH apparently helps facilitate the effective penetration and reaction of CaO 
with coal. It is postulated that NaOH first reacts with coa1,opening up its structure 
and thus facilitating the diffusion of calcium into the coal particles, and then cal- 
cium displaces the sodium from coal along with reacting with reaction sites not con- 
taining sodium. Usually, a fraction of a percent of sodium remains in BTC after treat- 
ment either because of incomplete displacement of chemically-bound sodium by calcium 
or due to incomplete removal of physically-incorporated sodium by washing. More 
information on this is provided elsewhere (3). 

EXPERIMENTAL DETAILS 

The impregnation of coal with catalyst was carried out in a batch reactor system 
as well as a continuous reaction system called "Miniplant". 
properties of the BTC produced in these reactor systems were determined in a high- 
pressure thermobalance (TGA) reactor and in a small, batch-solids fluid-bed gasifier. 
Table 1 shows the compostion of the raw coal, from Montour 114 mine of Pittsburgh 88 
seam, used to product BTC. 

The (hydro)gasification 

TABLE 1. COMPOSITION OF RAW COAL 

Weight Percent 

Proximate Analysis 
Moisture 0.70 
Ash 9.95 
Volatile Matter ( d r y )  37.5 
Fixed Carbon (by difference) 51.9 

Total 100.0 
Ultimate Analysis 
Moisture 0 . 7 0  
Ash 9.95 
Carbon 73.5 
Hydrogen 5.25 
Nitrogen 1.4 
Sulfur 2.6 
Oxygen (by difference) 6.6 

Total 100.0 

Batch Treatment Reactor 

The batch experiments on the production of BTC were conducted in a "quick-charge", 
one-gallon autoclave system shown schematically in Fizure 1. I n  all experiments con- 
ducted, the mixture of coal, CaO, and water was heated to the operating temperature 
and then the NaOH solution was added to the preheated autoclave through the charging 
bomb. 
NaOH, at which point the zero treatment (retention) time was recorded. Several samples 
of coal-catalyst slurry were withdrawn and then quickly cooled during an experiment in 
order to determine the effect of treatment time on properties of BTC. 

The operating temperature was regained within 3 to 5 minutes after charging 

The catalyst-impregnated (treated) coal was separated from the spent caustic solu- 
tion and washed under nitrogen with distilled water to remove the excess sodium species 
and then dried under partial vacuum at 60°C in an inert atmosphere. 
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Continuous Treatment Reac tor  (Minip lan t )  

The exper iments  on t h e  cont inuous  p roduc t ion  of  BTC were conducted i n  t h e  Miniulant 
system according t o  t h e  f lowshee t  shown i n  F igu re  2 .  
p l a c e  cont inuous ly  i n  a series of  s t i r r e d - t a n k  r e a c t o r s ,  t h e  s i z e  and number of which 
depended on t h e  t r ea tmen t  t i m e  and t h e  pumping speed  f o r  t h e  c o a l - c a t a l y s t  s l u r r y .  The 
nominal pumping speed  of  t h e  h igh -p res su re  pump w a s  6 g a l l o n s  p e r  hour.  A f t e r  c a t a l y s t  
impregnat ion ,  t h e  product  s l u r r y  was cooled  and then  passed  through a p r e s s u r e  letdown 
va lve .  The BTC w a s  s epa ra t ed  from t h e  s p e n t  c a u s t i c  s o l u t i o n  (which can  be regenera ted  
and reused)  i n  a c e n t r i f u g a l  f i l t e r ,  washed wi th  t a p  water  t o  remove sodium s p e c i e s  and 
then  d r i e d  i n  a i r  i n  a r o t a r y  d rye r .  A l l  p rocess ing  s t e p s  u n t i l  t h e  f i r s t  f i l t r a t i o n  
w e r e  i n t e g r a t e d  i n t o  cont inuous  o p e r a t i o n .  

High-pressure Thermobalance Reac tor  

The c a t a l y s t  impregnat ion  took 

The tendency of BTC f o r  agglomera t ion  du r ing  h y d r o g a s i f i c a t i o n  and t h e  hydrogasi-  
f i c a t i o n  r e a c t i v i t y  r e l a t i v e  t o  r a w  c o a l  and preoxid ized  c o a l  were determined i n  a 
h igh-pressure  thermobalance r e a c t o r  (TGA) system desc r ibed  e a r l i e r  (2) . During a ther- 
mobalance run, t h e  mass o f  a c o a l  sample is monitored con t inuous ly .  From t h e  mass 
v e r s u s  time da ta .  t h e  MAF f r a c t i o n a l  convers ion .  X. ve r sus  t i m e  u l o t s  a r e  ob ta ined .  
A convenient way t o  
t i m e s ,  tx, requ i r ed  
BTC r e l a t i v e  t o  raw 
def ined  a s  

R =  

~. 
compare t h e  r e a c t i v i t y  of  one c o a l  w i th  ano the r  is t o  compare the  
f o r  a given f r a c t i o n a l  convers ion ,  X.  An average  r e a c t i v i t y  of 
coa l ,  s, corresponding  t o  a f r a c t i o n a l  convers ion  X ,  may thus  be 

1) 
(tx)Raw Coal 

(tx)BTC 

Some BTC and raw c o a l  samples had t o  be  p e l l e t i z e d  p r i o r  t o  h y d r o g a s i f i c a t i o n  
because  they were too f i n e  f o r  t h e  100-mesh baske t  used f o r  ho ld ing  t h e  samples.  The 
rest of t he  samples,  con ta in ing  on ly  a s m a l l  amount of  -60 mesh s i z e  p a r t i c l e s ,  were 
screened  t o  o b t a i n  t h e  +60 mesh f r a c t i o n  f o r  t h e  thermobalance exper iments .  

Batch-Solids Fluid-Bed G a s i f i e r  

The ba tch - so l id s  f lu id-bed  g a s i f i e r  system, shown schemat i ca l ly  i n  F igu re  3, was 
used t o  determine product  y i e l d  d a t a  f o r  ( h y d r 0 ) g a s i f i c a t i o n  of BTC and p reox id ized  
c o a l  from t h e  Synthane P rocess .  The r e a c t o r  tube  w a s  l-1/2-inch I . D .  x 3-inch O.D.  x 
48 i nches  long. The d i s t r i b u t o r  p l a t e  was made of 100-mesh s t a i n l e s s  s teel  s c r e e n  and 
p laced  a t  t h e  c e n t e r  of t h e  r e a c t o r  t ube .  

I n  a l l  exper iments  conducted, a 50 g ba tch  of c o a l  was charged through a n  e l e c t r i -  
ca l ly -ope ra t ed  b a l l  va lve  i n  l e s s  t han  10 seconds t o  t h e  hea ted  r e a c t o r  a f t e r  e s t ab -  
l i s h i n g  t h e  d e s i r e d  f eed  gas  r a t e .  The off-gas was allowed t o  p a s s  through,  i n  o rde r ,  
a ho t  t r a p ,  a w a t e r  condenser,  a wa te r  t r a p ,  and a co ld  t r a p  p r i o r  t o  gas  a n a l y s i s .  
The t o t a l  volume of  t h e  product  gas  w a s  determined wi th  a dry  gas  meter .  An i n f r a r e d  
a n a l y z e r  (IR) was used t o  con t inuous ly  moni tor  t h e  methane (CH4) concen t r a t ion  of the  
product  gas. A s m a l l  b l e e d  stream was t aken  from t h e  product  gas  v i a  an i s o k i n e t i c  
probe to  c o l l e c t  a sample fo r  a n a l y s i s  by a gas chromatograph (GC) a t  t h e  end of  a run. 
The cha r  was recovered  from t h e  r e a c t o r  a t  t h e  end of  a run  and weighed. Also, t h e  
we igh t s  of  t h e  g l a s s  wools p laced  i n  t h e  h o t  t r a p  and low-temperature t r a p  were de t e r -  
mined be fo re  and a f t e r  a r u n  t o  de te rmine  t h e  y i e l d  of tar  p l u s  o i l .  

A carbon ba lance  w a s  made f o r  each run .  
p e r f e c t  carbon ba lances .  

The product  y i e l d  d a t a  w e r e  ad jus t ed  t o  obta in  
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EXPERIMENTAL RESULTS 

E f f e c t  of  P a r t i c l e  S i z e  and Treatment Time 

E a r l i e r  work on ( h y d r 0 ) g a s i f i c a t i o n  of  BTC was done us ing  70 pe rcen t  minus 200 mesh 
coa l .  However, because of t h e  problem i n  us ing  200 mesh o r  f i n e r  c o a l  f o r  t h e  f lu id-bed  
g a s i f i e r ,  i t  was d e s i r a b l e  t o  know t h e  e f f e c t  of c a t a l y s t  t r ea tmen t  t i m e  on t h e  (hydro) 
g a s i f i c a t i o n  c h a r a c t e r i s t i c s  of  BTC produced from c o a r s e r  r a w  c o a l .  The re fo re ,  expe r i -  
ments were conducted on c o a l s  wi th  p a r t i c l e  s i z e  ranging  from 6350 pm (0.25 inch )  t o  
7 4  pm (200 mesh). The c a t a l y s t  t rea tment  was c a r r i e d  ou t  a t  25OoC, i n  t h e  presence  of  
a s o l u t i o n  of N a O H ,  us ing  a CaO/coal r a t i o  o f  0.13. The exper iments  were conducted on 
c o a l  ground and screened  t o  t h e  fo l lowing  s i z e s :  0.25 i nch  t o  0.187 inch  (4 mesh); 
-20+28 mesh; -35+48 mesh; -65+100 mesh; -15Ot200 mesh; and 70 pe rcen t  -200 mesh .  While 
nea r ly  a l l  of t h e  ca lc ium remained i n  t h e  BTC, t he  sodium con ten t  i nc reased  from about  
0 .1  pe rcen t  of  MAF c o a l  f o r  200 mesh c o a l  t o  about 0.8 pe rcen t  f o r  20 mesh coa l  due t o  
i n e f f i c i e n t  washing of l a r g e r  p a r t i c l e s  ( 3 ) .  

To i l l u s t r a t e  t h e  dependence of h y d r o g a s i f i c a t i o n  r e a c t i v i t y  on coa l  p a r t i c l e  s i z e  
and c o a l  t rea tment  t i m e ,  t he  t ime r equ i r ed  t o  hydrogas i fy  50 pe rcen t  of  t h e  MAF BTC i s  
shown i n  F igure  4 a s  a func t ion  of  c o a l  t rea tment  t i m e  and c o a l  p a r t i c l e  s i z e .  F igu re  
4 shows t h a t  t h e  r e a c t i v i t y  i n c r e a s e s  wi th  t r ea tmen t  t ime,  l e v e l i n g  o f f  a va lue  t h a t  
does not  seem t o  depend on t h e  p a r t i c l e  s i z e .  However, t h e  t i m e  r equ i r ed  t o  ach ieve  
maximum r e a c t i v i t y  i n c r e a s e s  wi th  p a r t i c l e  s i z e .  For example, a t r ea tmen t  t ime o f  
about 10 minutes i s  s u f f i c i e n t l y  long  t o  ach ieve  near-maximum r e a c t i v i t y  wi th  70 per -  
cen t  minus 200 mesh c o a l ,  wh i l e  20 minutes a r e  r equ i r ed  t o  ach ieve  n e a r l y  t h e  same 
r e a c t i v i t y  wi th  -2Ot28 mesh c o a l .  The BTC produced from 0.25-inch t o  0.187-inch s i z e  
raw c o a l  was no t  hydrogas i f i ed  s i n c e  t h e  p a r t i c l e s  w e r e  too  l a r g e  f o r  t h e  thermobalance 
r e a c t o r .  

F igu re  5 shows t h e  complete thermobalance d a t a  f o r  raw c o a l s  of  d i f f e r e n t  p a r t i c l e  
s i z e s  a s  w e l l  a s  f o r  BTC produced from these  c o a l s .  For t h e  t r e a t e d  c o a l s ,  t h e  t ime 
of t r ea tmen t  was 60 minutes  which, accord ing  t o  t h e  d a t a  shown i n  F igu re  4 ,  w a s  l onge r  
than  necessary .  The r eason  f o r  t h e  somewhat h ighe r  r e a c t i v i t y  f o r  t he  c o a r s e r  c o a l  i s  
t h a t  i t  was not  p e l l e t i z e d  which can lower t h e  r e a c t i v i t y ,  depending on t h e  compaction 
p r e s s u r e  used f o r  p e l l e t i z a t i o n .  F igu re  5 i n d i c a t e s  t h e  p o t e n t i a l  t h a t  t r ea tmen t  has  
f o r  reducing  t h e  t o t a l  r e a c t o r  volume i n  a g a s i f i c a t i o n  p l a n t .  For  example, i f  one  
assumes a 20-minute c o a l  r e s idence  t i m e  i s  requ i r ed  f o r  t r ea tmen t ,  F igu re  5 i n d i c a t e s  
t he  r e s u l t i n g  BTC can be  hydrogas i f i ed  t o  a 65 pe rcen t  convers ion  l e v e l  i n  less than  
3 minutes ,  while raw c o a l  r e q u i r e s  90 minutes  f o r  t h e  same l e v e l  of  convers ion .  Thus, 
t he  t o t a l  volume requ i r ed  f o r  t rea tment  p l u s  h y d r o g a s i f i c a t i o n  should  be cons ide rab ly  
l e s s  f o r  BTC than  f o r  r a w  coa l .  

The d a t a  i n  F igure  5 show t h a t  t h e  va lue  of  t h e  average  r e l a t i v e  r e a c t i v i t y  Rx,  
def ined  i n  Equation 1, i n c r e a s e s  wi th  X. For example, f o r  BTC from -20+28 mesh r a w  
c o a l ,  t h e  va lues  of Rx a t  X equa l  t o  0.5,  0 .6 ,  and 0.7 a r e  17 ,  2 9 ,  and 49, r e s p e c t i v e l y .  
Th i s  i s  due t o  t h e  f a c t  t h a t  r a w  coa l  i s  d e a c t i v a t e d  whi le  BTC i s  n o t  du r ing  hydro- 
g a s i f i c a t i o n ,  as d i scussed  l a te r .  

The i n c r e a s e  i n  hydrogas i f i ca t ion  r e a c t i v i t y  due t o  t r ea tmen t  was found t o  be  
accompanied by a r educ t ion  i n  t h e  tendency f o r  agglomera t ion  du r ing  h y d r o g a s i f i c a t i o n  
and a t  t h e  t rea tment  t i m e  r equ i r ed  t o  ach ieve  maximum r e a c t i v i t y ,  t h e  agglomera t ing  
tendency was completely e l imina ted .  For  example, t rea tment  o f  -20+28 mesh c o a l  f o r  
20 minutes produced a completely nonagglomerating BTC, and t r e a t i n g  t h e  same raw c o a l  
f o r  11 minutes produced a BTC t h a t  had a s l i g h t  tendency f o r  agglomera t ion ,  whi le  t h e  
raw c o a l  had a seve re  tendency f o r  agglomeration. Fur thermore ,  i t  was found t h a t  
c o a r s e r  p a r t i c l e s  r equ i r ed  a longe r  t rea tment  t ime t o  comple te ly  d e s t r o y  t h e  agglom- 
e r a t i n g  tendency of c o a l .  For example, a t rea tment  t i m e  of 10 minutes  was s u f f i c i e n t  
t o  comple te ly  e l i m i n a t e  t h e  agglomera t ion  eendency of 70 pe rcen t  minus 200 mesh c o a l ,  
wh i l e  BTC produced from -20+48 mesh c o a l  a f t e r  t r ea tmen t  f o r  11 minutes  s t i l l  had a 
s l i g h t  tendency f o r  agglomera t ion .  
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The f r e e  s w e l l i n g  index  (FSI) of  BTC t r e a t e d  f o r  120 minutes  and raw c o a l s  were a l s o  
determined i n  t h i s  s tudy .  The r a t i o n a l e  f o r  doing t h i s  was t h a t  FSI de te rmina t ion  i s  
easy  and quick  and t h a t  a z e r o  va lue  f o r  FSI i s  a necessary  (but  no t  s u f f i c i e n t )  condi- 
t i o n  f o r  comple te ly  d e s t r o y i n g  t h e  agglomera t ion  tendency du r ing  hydrogas i f i ca t ion .  It 
w a s  found t h a t  t h e  FSI of  raw c o a l  p a r t i c l e s  as l a r g e  as 0.25 inch  could  be lowered from 
8 t o  0 by the  B a t t e l l e  t r ea tmen t .  The t r ea tmen t  of 0.25-inch s i z e  p a r t i c l e s  w a s  c a r r i e d  
o u t  t o  de te rmine  i f  t h e  B a t t e l l e  t rea tment  could be used t o  produce nonagglomerating 
f eeds tock  f o r  moving-bed g a s i f i c a t i o n  systems such a s  Lurg i .  The m a t e r i a l  ba lance  da ta  
f o r  treatment.  exper iments  showed t h a t  t h e r e  w a s  no l o s s  of v o l a t i l e  ma t t e r  o r  carbon,  
w i t h i n  e r r o r s  of  measurement, d u r i n g  c a t a l y s t  t r ea tmen t .  On t h e  o t h e r  hand, preoxida- 
t i o n ,  which is commonly employed f o r  r educ t ion  of FSI of c o a l ,  r e s u l t s  i n  t h e  l o s s  of 
20 pe rcen t  o r  more v o l a t i l e  ma t t e r .  

It should be po in ted  o u t  t h a t  t h e  CaO/coal r a t i o  of 0.13, used i n  t h e  above exper i -  
ments,  was about  two t i m e s  t h e  r a t i o  necessa ry  t o  ach ieve  maximum h y d r o g a s i f i c a t i o n  
r e a c t i v i t y .  

The stham g a s i f i c a t i o n  r e a c t i v i t y  of  BTC was not  determined i n  t h e  thermobalance 
because maximum steam g a s i f i c a t i o n  r e a c t i v i t y  i s  achieved be fo re  maximum hydrogas i f i -  
c a t i o n  r e a c t i v i t y .  E a r l i e r  d a t a  wi th  f i n e  c o a l  showed t h a t  BTC having maximum steam 
g a s i f i c a t i o n  r e a c t i v i t y  can be  g a s i f i e d  a t  675'C a t  about t h e  same r a t e  a s  raw c o a l  a t  
85OoC ( 2 ) .  
kcal /mole . )  
0 . 7  a t  85O0C and 500 p s i g  f o r  raw c o a l  and BTC (having maximum-possible hydrogas i f i ca -  
t i o n  r e a c t i v i t y )  a r e  expec ted  t o  be about 50 minutes and 5 minutes ,  r e s p e c t i v e l y .  

Fluid-Bed Data f o r  (Hydr0 )gas i f i ca t ion  
of BTC and Preoxid ized  Coal 

(The a c t i v a t i o n  energy  f o r  steam g a s i f i c a t i o n  of  BTC was found t o  be 23  
Based on ear l ier  d a t a ,  t h e  t imes  r e q u i r e d  f o r  a f r a c t i o n a l  convers ion  of 

Experiments were conducted i n  a ba tch - so l id s  f lu id-bed  g a s i f i e r  t o  de te rmine  pro- 
duc t  d i s t r i b u t i o n  f o r  BTC g a s i f i e d  wi th  hydrogen, steam, and hydrogen p l u s  steam. 
Because of t h e  s m a l l  s i z e  of BTC used (about 50 g )  and because o f  problems wi th  batch 
o p e r a t i o n ,  on ly  t h e  carbon ba lance  d a t a  could be obta ined  wi th  reasonable  accu rac i e s .  
The r e s u l t s  showed t h a t  no t  on ly  t h e  ( h y d r 0 ) g a s i f i c a t i o n  r e a c t i v i t y  of BTC was a s  high 
a s  i n d i c a t e d  by thermobalance d a t a ,  b u t  a l s o  t h a t  t h e  y i e l d s  of e thane  (C2H6) and 
e t h y l e n e  (C2H4) were much g r e a t e r  than  observed wi th  raw c o a l  o r  preoxid ized  coa l  i n  
commercial o r  advanced c o a l  g a s i f i c a t i o n  p rocesses .  

Data were a l s o  ob ta ined  on t h e  g a s i f i c a t i o n  of p reox id ized  c o a l  from Synthane Pro- 
c e s s  t o  make a d i r e c t  comparison between the  ( h y d r 0 ) g a s i f i c a t i o n  p r o p e r t i e s  of  BTC and 
preoxid ized  c o a l .  

Hydrogas i f i ca t ion  Data.  The y i e l d  d a t a  f o r  t h r e e  t y p i c a l  r u n s  wi th  BTC and one 
run w i t h  preoxid ized  c o a l  are summarized i n  Table  2. These d a t a  show t h a t  under com- 
p a r a b l e  t rea tment  cond i t ions ,  t h e  t o t a l  carbon convers ion  i s  much g r e a t e r  f o r  BTC than 
f o r  preoxid ized  c o a l  because of t h e  h ighe r  h y d r o g a s i f i c a t i o n  r e a c t i v i t y  of  BTC. 
r e l a t i v e  r e a c t i v i t y  of  BTC i s  a c t u a l l y  much g r e a t e r  than  may be apparent  from t h e  t o t a l  
carbon convers ion  d a t a  because most of  t h e  carbon g a s i f i e d  i n  t h e  c a s e  of  t h e  preoxi -  
d i zed  c o a l  is a c t u a l l y  t h e  v o l a t i l e  carbon. I n  f a c t ,  i t  can be shown t h a t  t h e  base 
carbon convers ion  f o r  BTC i n  Table  2 is more than about t h r e e  t imes t h a t  f o r  preoxidized 
c o a l .  The h igh  h y d r o g a s i f i c a t i o n  r e a c t i v i t y  of BTC compared t o  preoxid ized  coa l  i s  
a l s o  demonstrated by t h e  thermobalance d a t a  p l o t t e d  i n  F igu re  6. It can be seen from 
F igure  6 t h a t  t h e  time € o r  70 pe rcen t  convers ion  of MAF c o a l  is l e s s  f o r  BTC even 
though p reox id ized  c o a l  is hydrogas i f i ed  a t  50°C h ighe r  i n  tempera ture  and a t  4 t imes 
t h e  hydrogen p a r t i a l  p r e s s u r e  ( i . e . ,  1000 p s i g  v e r s u s  250 p s i g ) .  

The 

One of t h e  most i n t e r e s t i n g  o b s e r v a t i o n s  i n  t h i s  s tudy  was t h a t  a very  s i g n i f i c a n t  
amount of carbon was conver ted  t o  C2H4 and C2H6. 
o f  carbon t o  C2H4 and C2H6 i n  Runs Nos. 9 ,  1 2 ,  and 1 3  were 13 .1 ,  22.3,  and 14 .4  pe rcen t ,  
r e s p e c t i v e l y .  I n  f a c t ,  i n  Run N o .  1 2 ,  t h e r e  was more carbon conver ted  t o  C2H4 p lus  

For  example, t h e  combined conversion 
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C2H6 than  t o  CH4. 
i n  most of t h e  advanced g a s i f i c a t i o n  p rocesses ,  such as Synthane an$ Hydrane, t h e  
f r a c t i o n  of coa l  carbon conver ted  t o  t h e s e  s p e c i e s  i s  on ly  a couple of  pe rcen t .  Indeed, 
t h e  d a t a  i n  Table 2 f o r  p reox id ized  c o a l  show t h a t  t h e  combined y i e l d  of C2H4 and C2H6 
was on ly  2.3 pe rcen t .  T h e  r a t e s  of  product ion  o f  C2H4 and C H 
l i g i b l e  a f t e r  t h e  f i r s t  one and one-half  minutes  i n  a l l  runs?  6Thus, t h e  C2 hydrocarbons 
a r e  formed p r imar i ly  du r ing  h y d r o g a s i f i c a t i o n  of  t h e  most r e a c t i v e  carbon. 
of  t hese  hydrocarbons were found to be lower a t  h ighe r  tempera tures .  

The convers ion  of s o  much carbon t o  C2H4 and C2H is unusual  s i n c e  

were found t o  be neg- 

The y i e l d s  

A t  t h i s  s t a g e ,  t h e  r e s u l t s  on the  y i e l d s  of C2H4 and C2H6 should be  i n t e r p r e t e d  
c a u t i o u s l y  because of d i f f e r e n c e s  expec ted  i n  t h e  c o a l  heat-up r a t e s  and gas-phase 
r e s idence  time between t h e  ba t ch - so l id s  g a s i f i e r  and a cont inuous  g a s i f i e r .  

It should be poin ted  o u t  t h a t  i so the rma l  o p e r a t i o n  could  no t  be achieved  du r ing  
h y d r o g a s i f i c a t i o n  runs  because o f  uns teady  s t a t e  o p e r a t i o n  and because t h e  hydrogasi-  
f i c a t i o n  r e a c t i o n  is h i g h l y  exothermic.  
du r ing  a run was a s  h igh  a s  35 pe rcen t  by volume which occurred  a t  about  one minute 
a f t e r  charg ing  c o a l  t o  t h e  g a s i f i e r .  The tempera ture  was h i g h e s t  a t  t h e  po in t  of  maxi- 
mum r a t e  of methane product ion .  

The methane concen t r a t ions  i n  t h e  of f -gas  

TABLE 2 .  COMPARISON OF YIELDS FOR HYDROGASIFICATION 
OF BTC AND PREOXIDIZED COAL .** 

BTC (-2W28 mesh Raw Coal Preoxid ized  Coal 
t r e a t e d  f o r  2 0  minutes )  (+65 mesh) 

Fluid-Bed Run No. 9 1 2  1 3  15  

T o t a l  P res su re ,  p s i a  
P H ~  i n  Feed Gas, p s i a  
Tempcraturc Rangc, “ C  
React ion  T i m e ,  minutes  

Carbon Conversion, w t  % 
CHL 
C2H4 
C2H6 
Tar and O i l  
Oxides 

T o t a l  

Pe rcen t  Carbon Converted t 
Hydrocarbons 

265 
265 

1 3  
755-10115 

36.6 
2.0 

11.1 
5.2  
4 . 3  

59.2 

10 Cl+C2 49.7 

- 

~ ~~ 

265 
265 

750-850 
10  

1 7 . 5  
1 0 . 1  
12 .2  

6 . 2  
5 .6  

51.6 

39.8 

__ 

~~ 

290 
290 

880-1090 
10 

39.0 
6 .0  
8 .4  
4 . 1  
4 .4  

61.9 

53.4 

~~~ ~~ 

265 
265 

850-930 
12 

21 .2  
0 .3  
2.0 
3.0 
3.5 

30.0 

23.5 

- 

The tempera ture  dependence f o r  t h e  s p e c i f i c  ra te  of methane p roduc t ion  i n  t h e  pos t -  
d e v o l a t i l i z a t i o n  r eg ion  i s  shown i n  F igu re  7 .  These d a t a  were genera ted  from one f l u i d -  
bed r u n  s i n c e  tempera ture  w a s  no t  c o n s t a n t .  The s t r a i g h t  l i n e  f o r  Arrhenius  p l o t  sug- 
g e s t s  t h a t  t he re  i s  no d e a c t i v a t i o n  of BTC du r ing  h y d r o g a s i f i c a t i o n  i n  t h e  carbon 
convers ion  range of 40 t o  55 pe rcen t ,  v e r i f y i n g  r e s u l t s  from thermobalance d a t a  d i s -  
cusssed  l a t e r .  The r a t e s  i n  F igu re  7 were c o r r e c t e d  f o r  v a r i a t i o n  o f  p a r t i a l  p r e s s u r e  
of  hydrogen dur ing  t h e  run  us ing  t h e  f i r s t - o r d e r  power law dependence f o r  hydrogen 
p a r t i a l  p re s su re  found from thermobalance d a t a .  The r a t e  expres s ion  f o r  s p e c i f i c  rate 
of carbon convers ion  t o  methane i n  t h e  p o s t - d e v o l a t i l i z a t i o n  reg ion  i s  

= 88 (PH ) exp (-13,80O/T) 2 )  
2 

where,  t i s  the  t i m e  i n  minutes ,  P i s  i n  p s i a ,  T i s  t h e  tempera ture  i n  deg rees  k e l v i n ,  
Xc is t h e  t o t a l  carbon conversion,H&d Xc(CH4) i s  t h e  f r a c t i o n  of carbon conver ted  t o  
CHb.  Equation 2 should be v a l i d  up t o  a va lue  of  Xc of about 0.65 t o  0.70 a t  a hydrogen 
p a r t i a l  p re s su re  of 225 p s i a  and t o  Xc v a l u e s  g r e a t e r  than 0.7 a t  h ighe r  p re s su res .  
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The d a t a  i n  F igu re  7 show t h a t  t h e  ba t ch  f luid-bed d a t a ,  t h a t  have been co r rec t ed  
f o r  t h e  p re sence  of a s  much as 15-20 p e r c e n t  methane, c o r r e l a t e s  w e l l  w i t h  thermo- 
ba l ance  d a t a .  For  t h e  thermobalance d a t a ,  t h e  s p e c i f i c  r a t e  o f  MAF coa l  conversion 
w a s  used,  which i s  n e a r l y  t h e  same a s  t h e  lef t -hand s i d e  of  Equation 2 i n  t h e  pos t -  
d e v o l a t i l i z a t i o n  r eg ion .  

The f r a c t i o n a l  conversion o f  carbon t o  tar  p l u s  o i l  w a s  found t o  v a r y  between 4 
and 7 pe rcen t  f o r  r u n s  w i t h  BTC u s i n g  hydrogen as a f e e d  gas .  The y i e l d  o f  tar p l u s  
o i l  w a s  found to  dec rease  w i t h  t empera tu re  as found by o t h e r  i n v e s t i g a t o r s  (4) .  It 
i s  expected t h a t  t h e  y i e l d  of  tar and o i l  from BTC w i l l  be lower i n  a cont inuous 
fluid-bed g a s i f i e r  where t h e  c o a l  can be in t roduced  i n t o  t h e  f l u i d  bed d i r e c t l y  and 
i n  which t h e  c o a l  can be  hea ted  v e r y  r a p i d l y .  The composition or  t h e  q u a l i t y  of tar  
and o i l  formed from BTC could n o t  b e  determined because of t h e  s m a l l  amounts o f  
samples  a v a i l a b l e .  I t  is expected though,  based on o u r  work on t h e  p y r o l y s i s  of BTC, 
t h a t  t h e  o r g a n i c  l i q u i d s  ( t a r  and o i l )  from BTC a r e  s i g n i f i c a n t l y  lower b o i l i n g  than  
t h e  o rgan ic  l i q u i d s  from u n t r e a t e d  raw c o a l .  

There was l i t t l e  or n o  HZS d e t e c t e d  by GC i n  off-gas  from g a s i f i c a t i o n  of  BTC. 
Furthermore,  s u l f u r  a n a l y s i s  of  BTC and c h a r  showed t h a t  more than  90 pe rcen t  s u l f u r  
w a s  r e t a i n e d  i n  t h e  char  during'hydrogasification. It i s  be l i eved  t h a t  s u l f u r  i n  char 
i s  p r e s e n t  as Cas. 

Steam G a s i f i c a t i o n  Data. Tab le  3 summarizes t y p i c a l  y i e l d  d a t a  f o r  BTC g a s i f i e d  
w i t h  s team and s team p l u s  hydrogen a long  w i t h  d a t a  f o r  g a s i f i c a t i o n  o f  p reox id ized  
c o a l  (from Synthane P rocess ) .  The d a t a  for Runs Nos. 14 and 16 show t h a t  t h e  steam 
g a s i f i c a t i o n  r e a c t i v i t y  of  BTC i s  much g r e a t e r  t han  t h a t  of  p reox id ized  c o a l  a s  
expected.  
y i e l d  t o  CH4 y i e l d  f o r  BTC i s  g r e a t e r  t han  f o r  p reox id ized  coa l .  

Also,  t h e  rate of  hydrocarbon formation and t h e  r a t i o  o f  C2 hydrocarbon 

TABLE 3 .  COMPARISON OF YIELDS FOR GASIFICATION OF BTC AND 
PREOXIDIZED COAL WITH STEAM AND STEAM PLUS HYDROGEN 

Fluid-Bed Run No. 

BTC (-20+28 mesh Raw Coal P reox id ized  Coal 
t r e a t e d  f o r  20 minutes)  (+65 mesh) 

14 1 7  16 1 9  

T o t a l  P r e s s u r e ,  p s i a  
P i n  Feed Gas, p s i a  
PH2 i n  Feed Gas, p s i a  
P i i o i n  Feed G a s ,  p s i a  
Temperature Range, "C 
Reac t ion  Time, minutes  

Carbon Conversion, w t  % 
CH4 
'ZH4 
'ZH6 
T a r  + OilCa)  
Oxides 

To ta l  

255 205 215 205 
0 111 0 111 

66 94 57 94 
189 0 158 0 

785-795 780-800 800-810 850-890 
12 1 2  14 .5  1 7  

10.6 
2 . 1  
2 . 1  
4.2 

79.0 
98.0 
- 

Percen t  Carbon Converted t o  C1+C2 14.8 
Hydrocarbons 

25.9 7.1 15 .1  
2.0 1 .0  0.2 
4.6 0.5 0.8 
1 . 9  2.5 0.6 

47.2 
81.6 
- 14.2 

25.3 
- 1 1 . 3  

28.0 
- 

32.5 8.6 16 .1  

(a )  Underestimated because some o i l  w a s  condensed i n  t h e  s team condenser .  

Runs Nos. 1 7  and 19 were conducted w i t h  steam-hydrogen mix tu res  i n  o r d e r  t o  s imula t e  
more c l o s e l y  t h e  cond i t ions  i n  a con t inuous ,  steam-oxygen, f luid-bed g a s i f i e r .  Again, 
BTC i s  found t o  b e  more r e a c t i v e  and more s e l e c t i v e l y  g a s i f i e d  t o  C2 hydrocarbon than 
p reox id ized  c o a l .  
gen P a r t i a l  p r e s s u r e  i n  t h e  range s t u d i e d .  

Note t h a t  t h e  Yie ld  of C2  hydrocarbons and CH4 i n c r e a s e s  w i t h  hydro- 
For  example, t h e  y i e l d  of C2 hydrocarbon 
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i n  Run N o .  14  ( i n  which t h e  p a r t i a l  p r e s s u r e  of  H2 i n  t h e  o f f -gas  was 15  p s i a )  was 4.2 
p e r c e n t ,  i n  Run N o .  1 7  ( P H ~  = 111 p s i a )  i t  was 6.6 p e r c e n t ,  and i n  runs  wi th  pu re  
hydrogen (PH2 = 265 t o  290 p s i a )  i t  v a r i e d  from about 1 3  t o  22 pe rcen t .  

The r a t e s  of p roduc t ion  of v a r i o u s  gases  du r ing  Run N o .  1 7  (PH2 = 111 p s i a )  a r e  
p l o t t e d  i n  F igure  8. I n t e g r a t i o n  of t h e s e  r a t e  d a t a  t o  v a r i o u s  l e v e l s  of carbon con- 
ve r s ion  showed t h a t  a l l  t h e  Cg hydrocarbons and about 95 pe rcen t  of  t h e  CH4 w e r e  pro- 
duced du r ing  the  g a s i f i c a t i o n  of  t h e  i n i t i a l  55 pe rcen t  of carbon. Thus, t he  combined 
y i e l d  of C 1  and C 2  hydrocarbons ,  o r  what may be c a l l e d  "equ iva len t  CH4",  w i l l  be  31-32 
pe rcen t  f o r  60-70 pe rcen t  t o t a l  carbon convers ion .  On t h e  o t h e r  hand ,  e x t r a p o l a t i o n  
t o  60 pe rcen t  carbon convers ion  of  t h e  r a t e  d a t a  f o r  p reox id ized  coa l  (Run No. 19) 
showed t h a t  t he  combined y i e l d  of  C 1  and C2  hydrocarbons w a s  20.5 pe rcen t .  

The ba tch  fluid-bed d a t a  f o r  p reox id ized  c o a l  were e x t r a p o l a t e d  t o  e s t i m a t e  t h e  
equ iva len t  CH4 y i e l d  cor responding  t o  t h e  o p e r a t i n g  cond i t ions  employed i n  the  4-inch 
I . D .  Synthane g a s i f i e r  o p e r a t i n g  a t  570 p s i g .  The e s t ima ted  va lue  was 15.8 pe rcen t  
which cor responds  w e l l  w i th  t h e  15 .2  pe rcen t  a c t u a l l y  observed ( 5 , 6 ) .  
e s t i m a t i o n  procedure  f o r  BTC, t h e  e q u i v a l e n t  CH4 y i e l d  f o r  a s i n g l e - s t a g e ,  f lu id-bed ,  
steam-oxygen g a s i f i e r  ope ra t ed  a t  75OoC and 300 p s i g  was p r o j e c t e d  t o  be i n  t h e  
neighborhood of 26 pe rcen t .  
be 14.8 pe rcen t ,  a s  determined from Run No. 1 4 ,  cor responding  t o  PH 
only . )  
f o r  BTC than f o r  preoxid ized  c o a l  f o r  s i n g l e - s t a g e ,  steam-oxygen g a s i f i c a t i o n .  

Using a s i m i l a r  

(The minumum equ iva len t  CH4 y i e l d  f o r  BTC should of course  
equa l  t o  1 5  p s i a  

Thus, t h e  equ iva len t  CH4 y i e l d  f o r  BTC i s  expected t o  be s i a n i f i c a n t l y  h ighe r  

The d a t a  i n  Table  3 show t h a t  steam g a s i f i c a t i o n  of  BTC can be  c a r r i e d  out a t  a 
r easonab le  r a t e  a t  a tempera ture  w e l l  below 790°C, as a l s o  found e a r l i e r  ( 2 ) .  The 
d a t a  i n  Table  3 a l s o  i l l u s t r a t e  t h e  suppres s ive  e f f e c t  t h a t  i n c r e a s i n g  t h e  hydrogen 
p a r t i a l  p re s su re  has  on steam g a s i f i c a t i o n  r a t e  of BTC. Th i s  e f f e c t  has  been noted  by 
o t h e r  i n v e s t i g a t o r s  (7 ,8 ) .  The s imples t  phys i ca l  exp lana t ion  f o r  t he  lowering of t he  
steam g a s i f i c a t i o n  r a t e  by hydrogen i s  t h a t  t he  hydrogen adso rbs  on r e a c t i o n  s i t e s  
making them unava i l ab le  t o  steam. 

A s  i n  t he  case  of h y d r o g a s i f i c a t i o n ,  l i t t l e  o r  n o  H2S was d e t e c t e d  i n  the  of f -gas  
du r ing  steam g a s i f i c a t i o n  of BTC, i n d i c a t i n g  t h a t  s u l f u r  w a s  cap tured  by CaO (probably  
a s  Cas).  The advantage of r e t a i n i n g  s u l f u r  i n  t h e  char  as CaS i s  t h a t  t h e  char  can be 
bu rn t  i n  an envi ronmenta l ly-acceptab le  manner t o  provide  f o r  t h e  energy  requi rements  
of t h e  g a s i f i c a t i o n  p l a n t .  

Continuous Product ion  of  BTC 

The o b j e c t i v e s  behind cont inuous  p roduc t ion  tes ts  f o r  product ion  of  BTC were t o  
e s t a b l i s h  t h a t  BTC could be produced cont inuous ly  and t o  e s t a b l i s h  t h e  c o r r e l a t i o n  
between ba tch  and cont inuous  (Minip lan t )  tests. 

It w a s  found t h a t  BTC, having  h y d r o ( g a s i f i c a t i 0 n )  p r o p e r t i e s  s u p e r i o r  t o  r a w  coa l ,  
could  be produced from coa r se  a s  w e l l  as f i n e  c o a l  on a cont inuous  b a s i s .  The (hydro) 
g a s i f i c a t i o n  p r o p e r t i e s  of  Miniplant-produced BTC were found t o  be  t h e  same a s  f o r  
batch-produced BTC. For  example, t h e  thennobalance d a t a  i n  F igu re  9 show t h a t  t h e  
hydrogas i f i ca t ion  r e a c t i v i t y  of Miniplant-produced BTC was the  same as f o r  ba tch-  
produced BTC. Fur thermore ,  d a t a  from ba tch - so l id s  f lu id-bed  g a s i f i e r  showed t h a t  the  
d i s t r i b u t i o n  of t h e  products  from ( h y d r 0 ) g a s i f i c a t i o n  was n e a r l y  independent of  t h e  
type  of r e a c t o r  used f o r  product ion  of  RTC. 

Hydrogas i f i ca t ion  Rate Ana lys i s  

An i n t e r e s t i n g  f i n d i n g  i n  t h i s  s tudy  w a s  t h a t  t h e r e  w a s  no d e a c t i v a t i o n  of BTC 
du r ing  h y d r o g a s i f i c a t i o n ,  i n  t h e  pos t -devo la t i za t ion  reg ime,  up t o  an MAF f r a c t i o n a l  
convers ion  a f  about 0.75. On t h e  o t h e r  hand, t h e  rate of h y d r o g a s i f i c a t i o n  of r a w  coa l  
w a s  found t o  d e c l i n e  more o r  less exponen t i a l ly  i n  t h e  pos t -devo la t i za t ion  regime. 
Th i s  remarkable d i f f e r e n c e  between t h e  h y d r o g a s i f i c a t i o n  p r o p e r t i e s  of BTC and raw 
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c o a l  i s  i l l u s t r a t e d  i n  F igure  10 where t h e  s p e c i f i c  rate of  h y d r o g a s i f i c a t i o n ,  def ined  
a s  (-dX/dt)/(l-X),  i s  p l o t t e d  a g a i n s t  X ,  where X i s  t h e  f r a c t i o n a l  convers ion  of  MAF 
c o a l .  ( I t  i s  no t  c l e a r  whether t h e  h i g h e r  i n i t i a l  d e v o l a t i l i z a t i o n  r a t e  f o r  BTC i s  
due t o  h ighe r  r e a c t i v i t y  o r  simply f a s t e r  heat-up because t h e  BTC p a r t i c l e s  remained 
d i s c r e t e  whi le  t h e  raw c o a l  p a r t i c l e s  expanded i n t o  a sponge-like mass.)  F igu re  10 
shows t h a t  t h e  r e a c t i v i t y  of  BTC r e l a t i v e  t o  raw coa l  i n c r e a s e s  wi th  X.  The d e c l i n e  
i n  s p e c i f i c  r a t e  o f  hydrogas i f i ca t ion  wi th  i n c r e a s i n g  convers ion  f o r  t h e  raw c o a l  i s  
a c l e a r  i n d i c a t i o n  of dec reas ing  r e a c t i v i t y  brought about  by t h e  i n c r e a s i n g  graphi -  
t i z a t i o n  t h a t  occurs  i n  t h e  un t r ea t ed  c o a l .  That g r a p h i t i z a t i o n  occurs  has  become very 
widely accepted among i n v e s t i g a t o r s  i n  t h i s  a r e a .  Thus, i t  may be specu la t ed  t h a t  t he  
chemica l  i nco rpora t ion  of t h e  c a t a l y s t  p reven t s  g r a p h i t i z a t i o n  of  BTC du r ing  hydrogasi-  
f i c a t i o n  t o  a f r a c t i o n a l  convers ion  o f  about 0 .75.  Wood (9 )  and Gardner (10) have a l s o  
r epor t ed  lowering of t h e  tendency f o r  d e a c t i v a t i o n  of coa l  i n  t h e  presence  of a c a t a l y s t .  
However, t h e i r  c a t a l y s t s  were much l e s s  e f f e c t i v e  than  t h e  c a t a l y s t  i n  BTC because t h e i r  
c a t a l y s t s  w e r e  on ly  p h y s i c a l l y  and (probably)  l e s s - e f f e c t i v e l y  inco rpora t ed  i n  coa l .  

The reason f o r  d e c l i n e  i n  t h e  s p e c i f i c  r a t e  f o r  BTC a f t e r  X equa l  t o  0 .75 is not 
understood. But t h i s  may sugges t  an a l t e r n a t e  hypo thes i s  f o r  t h e  r o l e  of  t h e  c a t a l y s t  
i n  BTC. I t  may, f o r  example, be  hypo thes i zed  t h a t  t h e  r o l e  of t h e  c a t a l y s t  i s  t o  
simply extend the  l i m i t  f o r  r ap id  r a t e  methanat ion  s t a g e  f o r  base  carbon convers ion  
proposed by Johnson ( 7 )  and o t h e r s  (11 ) .  

CURRENT STATUS OF PROGRAM 

Under c u r r e n t  ERDA sponsor sh ip ,  s e v e r a l  c a t a l y s t  sys tems a r e  t o  be eva lua ted  a s  
a l t e r n a t i v e s  t o  t h e  system comprising o f  NaOH and CaO. The o b j e c t i v e  i s  t o  minimize 
t h e  c o s t  of SNG o r  medium-Btu gas  p roduc t ion  from h igh- su l fu r  caking  c o a l s .  

P r e s e n t l y ,  t h e  c a t a l y s t  system compr is ing  of CaO a l o n e  i s  be ing  eva lua ted  i n  d e t a i l .  
S ince  no NaOH is requ i r ed  i n  t h i s  p r o c e s s ,  t h e r e  i s  no  need f o r  washing of  BTC o r  
r egene ra t ion  of spent  l eachan t .  Fur thermore ,  t h e  h igh-pressure  s l u r r y  con ta in ing  BTC,  
water  and t h e  c a t a l y s t  may be s l u r r y - f e d  t o  a g a s i f i e r .  
CaO system have been very  encouraging. 

The r e s u l t s  t o  d a t e  w i t h  the  

CONCLUSIONS 

The d a t a  on t h e  B a t t e l l e  t r ea tmen t  of  c o a l  w i th  C a O  i n  t h e  presence  o f  NaOH shows 
t h a t  nonagglomerating BTC having  a ve ry  h igh  ( h y d r 0 ) g a s i f i c a t i o n  r e a c t i v i t y  compared 
t o  raw coa l  can be produced from r a w  c o a l  p a r t i c l e s  a s  l a r g e  a s  20 mesh. The maximum- 
p o s s i b l e  hydrogas i f i ca t ion  r e a c t i v i t y  o f  BTC i s  independent of raw coa l  p a r t i c l e  s i z e .  
But ,  -2Ot28  mesh c o a l  r e q u i r e s  about  t w i c e  a s  l ong  a t r ea tmen t  t ime as 70 pe rcen t  minus 
200 mesh c o a l  t o  ach ieve  t h e  maximum-possible r e a c t i v i t y .  The i n c r e a s e  i n  t h e  r e a c t i -  
v i t y  of coa l  due t o  t rea tment  is  accompanied by a dec rease  i n  t h e  tendency f o r  agglom- 
e r a t i o n  dur ing  h y d r o g a s i f i c a t i o n .  And, a t  t h e  t r ea tmen t  t ime r equ i r ed  t o  achieve  
maximum r e a c t i v i t y ,  t h e  agglomera t ion  tendency i s  comple te ly  e l imina ted .  The FSI of 
c o a l  p a r t i c l e s  a s  l a r g e  a s  0.25 inch  from P i t t s b u r g h  1 8  seam i s  found t o  h e  reduced 
from 8 t o  0 due t o  B a t t e l l e  t r ea tmen t .  

It has  been e s t a b l i s h e d  t h a t  t h e  BTC produced i n  a cont inuous  t r ea tmen t  p l a n t  has 
t h e  same (hydro )gas i f i ca t ion  p r o p e r t i e s  a s  BTC produced i n  a ba tch  r e a r t o r .  

Comparison of ( h y d r o ) g a s i f i c a t i o n  p r o p e r t i e s  o f  BTC and preoxid ized  coa l  frnm 
Synthane Process  shows t h a t  (a) ( h y d r o ) g d s i f i c a t i o n  r e a c t i v i t y  of BTC i s  much h ighe r ,  
(b) (hydr0 )gas i f i ca t ion  of BTC y i e l d s  s u b s t a n t i a l l y  g r e a t e r  q u a n t i t i e s  of  C2H4 and 
C?H6, and ( c )  t h e  equ iva len t  CH4 y i e l d  f o r  BTC i s  s i g n i f i c a n t l y  h ighe r  f o r  steam gasi-  
f i c a t i o n .  The BTC a l s o  r e t a i n s  most o f  t h e  s u l f u r  i n  cha r ,  probably i n  t h e  form of 
Cas,  dur ing  (hydr0 )gas i f i ca t ion .  Thus, combustion of char  from BTC is  n o t  expected 
t o  r e q u i r e  a n  SO2 sc rubbe r .  
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The hydrogasification rate analysis of the data shows that there is no deactiva- 
tion of BTC during hydrogasification in the post-devolatization regime up to a frac- 
tional conversion of 0.75 while raw coal reactivity declines almost exponentially 
with X. 

The above advantages of BTC over raw coal and preoxidized coal suggest that Battelle 
catalyst treatment should allow more reliable, environmentally-acceptable and more 
economic utilization of high-sulfur, Eastern U.S. coals. 
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FIGURE 2 .  FLOWSHEET O F  PROCESS FOR PRODUCTION OF BTC 
I N  THE CONTINUOUS REACTOR (MINIPLANT)  
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FIGURE 3. SCHEMATIC OF THE BATCH-SOLIDS FLUID-BED GASIFIER 
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FIGURE 4 .  DEPENDENCE OF THE TIME REQUIRED FOR A FRACTIONAL CONVERSION 
OF 0.5 FOR HYDROGASIFICATION OF BTC ON PARTICLE SIZE OF RAW 
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